The livers of 16 woodchucks with naturally acquired chronic infection with woodchuck hepatitis virus were examined both grossly and histologically in 14 biopsy specimens and seven necropsy specimens. Fifteen woodchucks had lesions characteristic of chronic hepatitis; ten of these had chronic active hepatitis, four had chronic persistent hepatitis, and one had cirrhosis with nodular regeneration. In one woodchuck there was massive hepatic necrosis attributed to infection with an unclassified protozoan. Thirteen woodchucks had primary hepatocellular carcinoma. Metastasis to the lung was observed in only one woodchuck. These results were compared to liver lesions in 149 woodchuck hepatitis virus-negative woodchucks. Chronic hepatitis comparable to that associated with woodchuck hepatitis virus infection was not observed in woodchuck hepatitis virus-negative woodchucks although in one, a single, small hepatocellular adenoma was found.
Primary hepatic neoplasia is considered uncommon in dogs and other domestic animal species; it occurs sporadically and is unassociated with concurrent liver d i s e a~e .~.~. l o In man, primary hepatocellular neoplasia is unusual in North America and Europe, but there is a high frequency of primary hepatocellular carcinoma in regions of the world such as Asia and sub-Sahara Africa where hepatitis B virus is e n d e m i~.~ A high frequency of hepatocellular neoplasia has been observed in a captive population of woodchucks (Marmota monax) at the Penrose Research Laboratory in Philadelphia, Pa. l 3 This woodchuck population now has been shown to have a high rate of infection with the woodchuck hepatitis virus'5. 16, l8 which is morphologically similar to hepatitis B virus and associated with sequelae similar to those of chronic hepatitis B virus infections, namely, chronic hepatitis and primary hepatocehlar carcinoma.' I . 17, In the following report, we describe the histologic features of naturally acquired, chronic woodchuck hepatitis virus infection in woodchucks similar to that previously l6 and suggest a histologic classification for the observed neoplasms based on the standard classification and nomenclature used for human hepatic neoplasia and on classifications that have been suggested for the dog' and other domestic species.'. l o
Materials and Methods
In December, I98 I , 19 woodchucks were transferred from Cocalico Woodchuck Farms (now part of Hazleton-Dutch-land Laboratories, Inc., Denver, PA) to an isolation facility at Cornell University. These woodchucks had been trapped in southeastern Pennsylvania and Maryland in August, 198 1 and were assumed to be naturally infected with woodchuck hepatitis virus as determined by persistent woodchuck hepatitis virus surface antigenemia. Age was estimated at the time of capture based upon criteria described previously." The woodchucks were arranged in breeding pairs and housed in Horsfal cages with wooden nest boxes with woodshavings and wheat straw provided as nesting material. They were fed commercially pelleted rabbit chow (Big Red Rabbit Chow, Agway, Inc., Syracuse, NY) and water ad libifurn. They were anesthetized by intramuscular injection of xylazine (RompunR, Haver-Lockhart, Bayvet Division, Cutter Laboratories, Inc., Shawnee, KS) and ketamine (KetasetR, Bristol Laboratories, Division of Bristol-Myers Co., Syracuse, NY) for collection of serum for biochemical tests and for determination of woodchuck hepatitis virus markers.
The livers from 16 of the 19 woodchucks were examined both grossly and histologically. Two woodchucks (357M, 367F) died between December, 198 I and January, 1983 and complete necropsies were done. Tissue was obtained during celiotomy from four woodchucks during February, 1983 and from the remaining ten in August, 1983. Four woodchucks (355M, 364F, 368M, 369F) died within two weeks after surgery. One woodchuck (358M) was killed ten weeks after surgery.
Between June, 1981 and August, 1983, the livers of 149 woodchucks serologically negative for woodchuck hepatitis surface antigen and antibody positive woodchuck hepatitis core antigen were examined. All of these woodchucks were trapped in central New York State and maintained in conventional laboratory animal facilities for periods of four weeks or more. These woodchucks either died or were killed, and complete necropsies were done on 147. Only formalin-fixed liver was examined from the remaining two animals. Sections of the liver and other major organs fixed in 10% neutral buffered formalin were embedded in paraffin, sectioned at 4 to 6 pm, and stained with hematoxylin and eosin (HE) for light microscopic examination.
Results
The gross and histological findings in woodchuck hepatitis virus-positive woodchucks are summarized (table I). One woodchuck hepatitis virus-positive woodchuck (357M) had acute to subacute, massive hepatocellular necrosis. Although this woodchuck was known to be infected with woodchuck hepatitis virus based on the presence of persistent woodchuck hepatitis surface antigenemia, the lesion is not considered typical of that associated with woodchuck hepatitis virus infection (H.
Popper, personal communication). Protozoan organisms (unclassified) were observed histologically within areas of necrosis and were thought to be responsible for the hepatic lesions.
One woodchuck (367M) had progressive portal fibrosis with nodular regeneration. The liver was pale tan with nodules that ranged from 1 to 5 mm in diameter projecting from the surface and scattered in the parenchyma. The nodules were pale tan or red-brown. Histologically, thick bands of fibrous connective tissue with numerous biliary structures within them were observed among portal areas. Islands of hepatocytes remained in centrolobular regions. Many of these had the appearance of "ground glass cells" characteristic of hepatitis B virus. Regenerative nodules consisted of hepatic cord cells and biliary structures in a somewhat disorganized x lobular arrangement. Hepatic cord cells in these nodules stained more basophilically with HE than the surrounding hepatocytes. Four woodchucks had lesions consistent with chronic persistent hepatitis. Chronic persistent hepatitis is characterized by accumulations of plasma cells and lymphocytes in portal areas without extension of these cells into sinusoids or necrosis of hepatocytes that form the limiting plate ( fig. 1 ). The remaining ten woodchucks had lesions of chronic active hepatitis with plasma cells, lymphocytes, and macrophages that expanded portal areas and extended into sinusoids ( fig. 2 ). There was necrosis of limiting plate hepatocytes ("piece meal" necrosis) and necrosis of small clusters of hepatocytes in the parenchyma. Small foci of extramedullary hematopoiesis were present in livers with either chronic active hepatitis or chronic persistent hepatitis. There was no correlation between the type of hepatitis and the number, size, and histologic characteristics of the neoplastic lesions. One woodchuck (360F) with chronic active hepatitis had no evidence of hepatic neoplasia.
The gross morphology of the neoplasms was nodular or massive. No site predilection was noted within the liver. The tumor masses or nodules were pale graywhite to tan or brown, and were always more pale than the non-neoplastic liver ( fig. 3) . In areas that at a first glance appeared devoid of neoplastic nodules, discrete pale nodules, 1 to 2 mm in diameter frequently were seen. Foci of hemorrhage and necrosis werre frequent in larger masses.
Based upon histologic appearance, four different morphological patterns of hepatic neoplasia in the woodchuck were identified. More than one pattern was usually observed in each animal, although different patterns predominated in individual nodules. Adjacent nodules abutted, resulting in compression of different areas within the tumor. The classification used was based on the nomenclature that has been described for the dog' and man.'
In all tumors regardless of pattern, the neoplastic hepatic cord cells were moderately well-differentiated. All were considered malignant and potentially capable of metastasis. They usually stained more basophilically with HE than the non-neoplastic parenchyma. Nuclei were larger than normal and had an increased nucleus to cytoplasm ratio. In many regions the cytoplasm contained large, discrete vacuoles. The seventy of vacuolation could often be correlated with the grossly observed color. When tumors were grossly gray-white, most cells within were observed to be markedly vacuolated histologically. In scattered foci, bizarre mitoses were present, often associated with large, irregular multinucleated cells. Foci of extramedullary hematopoiesis were present in the tumors of 11 woodchucks. Neoplastic masses were discrete, but not encapsuled. Larger masses caused compression of the surrounding nonneoplastic parenchyma. Often a band of lymphocytes and plasma cells bordered the hepatomas. Bands of connective tissue located between abutting tumor nodules were unusual; they were observed only in two woodchucks.
The trabecular pattern ( fig. 4) was the most common.
It was observed in at least one region in each woodchuck and was the predominant pattern in eight. Cells were arranged in short trabeculae of irregular thickness that were reminiscent of normal hepatic cords. Trabeculae were separated by scanty amounts of vascular stroma.
A pelioid pattern characterized by cords of neoplastic hepatocytes, one or two cell layers thick, separated by large blood filled spaces ( fig. 5 ) was found in seven woodchucks and was the predominant pattern observed in one. Areas of necrosis were most common in areas with this architecture.
Within the neoplasms of eight woodchucks, a pseudoglandular pattern was observed and was predominant in two woodchucks. In these regions, cells were arranged to form acinus-like structures of variable shape and size. Most lumina were empty, but some contained proteinaceous material. Solidly cellular clusters were observed among these. Cellular nests were separated by thin vascular stroma ( fig. 6) .
A solid cellular pattern predominated in the two remaining woodchucks and was observed within the tumors of five animals. These neoplasms consisted of solid sheets of cells without significant intervening stroma ( fig. 7 ). Clusters of giant cells or foci of extramedullary hematopoiesis occasionally interrupted the solid cellular sheets. In spite of the extensive neoplastic growth, metastasis was found within only one woodchuck. This woodchuck was killed and necropsied ten weeks after exploratory surgery and partial resection of a hepatic neoplasm. One 0.5 mm firm gray nodule was grossly observed in the right caudal lung lobe. Several other smaller foci were observed histologically. Metastatic foci had a trabecular pattern ( fig. 8) .
Mononuclear cell aggregates were present in portal areas of 80 of 149 woodchuck hepatitis virus-negative woodchucks (63%) but were never as extensive as in woodchuck hepatitis surface antigen-positive woodchucks with chronic active hepatitis or chronic persistent hepatitis. Foci of extramedullary hematopoiesis were present in the livers of 17 of 149 (13%) woodchucks in the woodchuck hepatitis virus-negative group. Small, scattered mononuclear cell accumulations were unassociated with other lesions, but larger accumulations of mononuclear cells and extramedullary hematopoiesis were observed in association with a variety of chronic extrahepatic inflammatory lesions such as disseminated abscesses, osteomyelitis, and ulcerative dermatitis. Acute hepatitis characterized by multifocal hepatocellular necrosis was observed in five of the 149 woodchuck hepatitis virus-negative woodchucks. These cases occurred sporadically during the two-year period of study. In one woodchuck hepatitis virus-negative woodchuck, a hepatoma 7 mm in diameter was observed. The mass consisted of well-differentiated hepatocytes predominantly arranged in a trabecular pattern. In this woodchuck, there was no histologic evidence of chronic hepatitis or other liver lesions.
Discussion
The distinction between chronic active and chronic persistent hepatitis is based on morphologic criteria alone4 and primarily on changes located in portal areas. The classification has been shown to have prognostic value in man.4 In the woodchuck hepatitis virus-positive woodchucks of our series, there was no correlation between the type of portal lesion and the presence of hepatocellular neoplasia. In contrast, others have reported a higher rate of hepatocellular carcinoma in woodchucks with chronic active hepatitis than with chronic persistent hepatitis. l 5
Foci of extramedullary hematopoiesis and aggregates of lymphocytes and plasma cells within sinusoids that caused localized distortion of hepatic cords were the most commonly observed non-portal lesions and varied greatly in size and extent. These lobular lesions are not have been observed in the livers of woodchucks with other chronic inflammatory diseases.'* Parasites such as Capillaria hepatica, Ackertia marmota, and Taenia mustelae should also be considered as a possible cause of focal accumulations of mononuclear cells.I2 The portal changes observed in woodchucks fit well into the categories of chronic active and chronic persistent hepatitis. ' I The lobular changes, however, are consistently present and also deserve mention when describing the liver lesions associated with chronic woodchuck hepatitis virus infection. It is suggested that the terms chronic active and chronic persistent portal hepatitis be used concurrently with modifiers that describe the lobular lesions.
The presence or volume of tumor did not correlate with the form of hepatitis observed, but hepatitis was always a prominent feature in the non-neoplastic parenchyma. This differs from the condition in man in which hepatocellular neoplasms associated with hepatitis B virus infection develop when active and severe inflammation has resolved and when lesions of fibrosis and minimal mononuclear aggregates in portal areas are present. I ' In most instances, neoplastic infiltration that involved multiple liver lobes was extensive. The histologic configurations of neoplastic hepatocytes are similar but less varied than reported in other species, and the classification schemes used for other species appear to be suitable for the woodchuck. As reported in the dog' and in man,' the trabecular pattern was observed with the greatest frequency in hepatic neoplasms of the woodchuck.
Metastasis of hepatocellular carcinoma occurs with moderate frequency in man' and dogs,' and has been reported in prairie
In an early study, mesenteric implants were reported in one wood~huck,'~ but metastases were not observed in the more recent and detailed studies dealing with woodchuck hepatitis virus and primary hepatocellular neoplasms.' I . 16. l 7 One woodchuck in this series had multiple, small metastases to the lung, and its history may be important. Ten weeks prior to euthanasia, a celiotomy had been done that involved manipulation of the liver and only partial removal of neoplastic tissue. Such procedures have been reported to stimulate metastasis in other speciex2
There are four recognized members of the speciesspecific, hepatotrophic group of viruses known as hepadna viruses.6 In addition to hepatitis B virus and woodchuck hepatitis virus, hepadna viruses now have been reported in the California ground ~q u i r r e l~.~. l 7 and in the Pekin duck.*." Little or no morphologic evidence of hepatitis has been associated with persistent ground specific for woodchuck hepatitis virus infection but squirrel hepatitis virus infection and hepatic neoplasms never have been observed.6 Chronic infection with duck B hepatitis virus has been associated only rarely with primary hepatic tumors.' The woodchuck, therefore, is most closely comparable t o man in regard to the relationship between persistent hepadna virus infection and the development of hepatic tumors.3. I ' . 16 . There are two morphologic characteristics that differ in man and the woodchuck. In man, progression of chronic hepatitis to cirrhosis occurs frequently prior to or concurrently with development of hepatic tumors. In the woodchuck, tumor development characteristically occurs in the face of chronic hepatitis without cirrho-(The one woodchuck with chronic woodchuck hepatitis virus infection in this series that had cirrhosis had no hepatic tumors.) The other feature is the presence of extramedullary hematopoiesis, which was so common in woodchucks with woodchuck hepatitis virus infection, but is not a Characteristic lesion of hepatitis B virus infection or of hepatocellular carcinoma in man." Our studies and others t o date of the association between woodchuck hepatitis virus and hepatic neoplasia have utilized woodchucks with naturally acquired infection that were trapped in specific geographical 10cations.~. ' I . 13 . I 5 -I 9 F urther classification of the possible oncogenic role of woodchuck hepatitis virus will require studies of experimentally infected woodchucks,
